Introduction

36
Fe oxidation occurs in virtually all near-surface environments, producing highly reactive Fe 
Phylogeny of Cyc2
88
We started by producing a comprehensive phylogenetic tree of Cyc2 sequences acquired from 89 databases (National Center for Biotechnology Information (NCBI) and 90 Integrated Microbial Genomes (IMG)). To ensure that we were analyzing true homologs, we 91 screened the sequences for appropriate length (352 to 587 aa, average/median 446 aa), the Ferrovum spp., and Burkholderiales GJ-E10 all share a gene cassette that includes cbb 3 -type 120 cytochrome c oxidase genes and the periplasmic cytochrome cyc1 gene (Supplemental Fig. 1A ).
121
The conservation in synteny and sequence homology signifies horizontal transfer, strongly 122 suggesting a common Fe oxidation pathway amongst diverse FeOB, involving Cyc2, Cyc1, and 
Cyc2 structure and conservation
126
To better understand the potential role of Cyc2 homologs and to prepare for functional studies,
127
we performed sequence and structure predictions, focusing on Cyc2 from FeOB. Despite the 128 great sequence diversity, the FeOB Cyc2 are all predicted to have a unique structure, a fused 129 cytochrome-porin. All contain a signal sequence, a c-type cytochrome, and a porin 130 (Supplemental Fig. 2) . The signal sequence was predicted by SignalP, indicating that the protein 131 is exported to the periplasm. The cytochrome portion is identifiable by a single CXXCH heme-
132
binding motif, and is by far the most conserved part of the sequence ( Fig. 2 The rest of the sequence corresponds to a porin, based on the presence of beta strands predicted Table 1 ).
147
Poor sequence conservation is typical of porins (Nikaido, 2003) , and since the porin portion 148 constitutes most of the sequence, this explains why Cyc2 homologs tend to have low amino acid 149 identity ( Supplemental Fig. 3 Webb and Sali, 2016) (Fig. 3; Supplemental Fig. 5 ), which predict a barrel of 16 beta 152 strands, a common size porin (Schulz, 2004 (Fig. 4A) . This band runs close to the expected molecular weight of 43 172 kDa and contains heme, as established by heme-specific staining (Fig. 4B ). showed considerably slower Fe oxidation relative to cell-free medium (Supplemental Fig 7A) .
180
Cyc2-expressing cells did indeed oxidize Fe(II): cells oxidized 41% of the Fe(II) within 2 181 minutes, and 73% within 10 min (Fig. 4C) . On further addition of Fe(II) at 45 min, the Cyc2-182 expressing cells continued to oxidize Fe(II). In contrast, the empty vector control oxidized 14% 183 of the Fe(II) in 10 min (Fig. 4C) . Consistent results were obtained in triplicate experiments from 184 cells taken from one specific expression stock (Fig. 4) , as well as replicate assays using cells 185 from different expressions (Supplemental Fig. 7B-D Fig. 8B ). However, the cyc2 expression levels were not compared to mtoA, sox, 231 and dsr genes, so their relative importance was unclear. Our re-analysis shows that the cyc2 gene 232 was expressed at much higher levels than mtoA, sox genes, and dsr genes (Supplemental Table   233 2). In particular, cyc2 expression was approximately two orders of magnitude higher than mtoA 
Cloning and heterologous expression of Cyc2
347
The sequence of cyc2 was optimized for expression in Escherichia coli, and the signal sequence following standard protocols and sequenced on a HiSeq 2500 (Illumina Inc., San Diego, CA).
420
Metatranscriptomic sequencing was performed on sample J2-674-BM1-C6. Ribosomal RNA- was calculated as the percent of total reads mapping to that bin, normalized to bin length. RPKM 466 expression estimates from all expressed genes were then imported into R and plotted using the 467 ggplot2 package (Wickham, 2009 Cyc2 porin , or neither (empty vector). Fe 2+ was added to Cyc2-expressing cells a second time.
783
Error bars represent 1 SD of triplicate experimental runs. 
